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Description

BACKGROUND

[0001] Graphite is an allotrope of carbon and has a
layered, planar structure. In each layer, the carbon atoms
are arranged in hexagonal arrays or networks through
covalent bonds. Different carbon layers however are held
together only by weak van der Waals forces.
[0002] Graphite has been used in a variety of applica-
tions including electronics, atomic energy, hot metal
processing, coatings, aerospace and the like due to its
excellent thermal and electrical conductivities, lightness,
low friction, and high heat and corrosion resistances.
However, graphite is not elastic and has low strength,
which may limit its further applications. Thus, the industry
is always receptive to new graphite materials having im-
proved elasticity and mechanical strength. It would be a
further advantage if such materials also have improved
high temperature corrosion resistance.
[0003] US 2007/142547 discloses oilfield elements
and assemblies comprising a polymeric matrix formed
into an oilfield element, and a plurality of expanded graph-
itic nanoflakes and/or nanoplatelets dispersed in the pol-
ymeric matrix.
[0004] Prieto et al., Scripta Materialia, 59, (2008),
11-14 discloses the fabrication and properties of graphite
flakes/metal composites for thermal management appli-
cations.
[0005] EP 2130932 discloses materials with high ther-
mal conductivity for use as heat dissipaters in microelec-
tronic and optoelectronic equipment and power genera-
tors.

BRIEF DESCRIPTION

[0006] The invention provides a method of producing
hydrocarbons from a subterranean location having an
ambient temperature of greater than 399 °C (750°F) us-
ing one or more articles comprising a carbon composite,
the carbon composite comprising

at least two carbon microstructures (1); and
a binding phase (2) disposed between the at least
two carbon microstructures (1),
wherein the binding phase (2) comprises a binder
comprising one or more of the following: SiO2; Si; B;
B2O3; a metal; or an alloy of the metal, and wherein
the metal is one or more of the following: aluminum;
copper; titanium; nickel; tungsten; chromium; iron;
manganese; zirconium; hafnium; vanadium; nio-
bium; molybdenum; tin; bismuth; antimony; lead;
cadmium; or selenium;
wherein the carbon microstructures (1) comprise ex-
panded graphite microstructures having a thickness
of 1 to 200 microns and an aspect ratio of 10 to 500.

[0007] The invention also provides a method of isolat-

ing or completing a wellbore comprises deploying an ap-
paratus comprising one or more of the articles in a well-
bore, the articles comprising a carbon composite com-
prising:

at least two carbon microstructures (1); and
a binding phase (2) disposed between the at least
two carbon microstructures (1),
wherein the binding phase (2) comprises a binder
comprising one or more of the following: SiO2; Si; B;
B2O3; a metal; or an alloy of the metal, and wherein
the metal is one or more of the following: aluminum;
copper; titanium; nickel; tungsten; chromium; iron;
manganese; zirconium; hafnium; vanadium; nio-
bium; molybdenum; tin; bismuth; antimony; lead;
cadmium; or selenium;
wherein the carbon microstructures (1) comprise
microstructures of graphite having a thickness of 1
to 200 microns and an aspect ratio of 10 to 500.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The following descriptions should not be con-
sidered limiting in any way. With reference to the accom-
panying drawings, like elements are numbered alike:

FIG. 1 is a scanning electron microscopic ("SEM")
image of a composition containing expanded graph-
ite and a micro- or nano-sized binder blended at room
temperature and atmospheric pressure;
FIG. 2 is a SEM image of a carbon composite formed
from expanded graphite and a micro- or nano-sized
binder under high pressure and high temperature
conditions according to an embodiment of the dis-
closure;
FIG. 3 is a SEM image of carbon microstructures;
FIG. 4 is a schematic illustration of a carbon com-
posite;
FIG. 5 shows stress-strain curves of (A) natural
graphite; (B) expanded graphite; (C) a mixture of ex-
panded graphite and a micro- or nano-sized binder,
where the sample is compacted at room temperature
and high pressure; (D) a carbon composite compact-
ed from a mixture of expanded graphite and a micro-
or nano-sized binder at a high temperature and a
low pressure (also referred to as "soft composite");
and (E) a carbon composite formed from expanded
graphite and a micro- or nano-sized binder under
high pressure and high temperature conditions (also
referred to as "hard composite");
FIG. 6 shows loop test results of a carbon composite
at different loadings;
FIG. 7 shows hysteresis results of a carbon compos-
ite tested at room temperature and 260°C (500°F)
respectively;
FIG. 8 compares a carbon composite before and af-
ter exposing to air at 500°C for 5 days;
FIG. 9 (A) is a photo of a carbon composite after a
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thermal shock; FIG. 9 (B) illustrates the condition for
the thermal shock;
FIGS. 10A-C compares a carbon composite sample
before (FIG. 10A) and after (FIG. 10B) exposing to
tap water for 20 hours at 93.3 °C (200°F), or after
exposing to tap water for 3 days at 93.3 °C (200°F)
(FIG. 10C);
FIGS. 11A-C compares a carbon composite sample
before (FIG. 11A) and after (FIG. 11B) exposing to
15% HCl solution with inhibitor at 93.3 °C (200°F)
for 20 hours, or after exposing to 15% HCl solution
at 93.3 °C (200°F) for 3 days (FIG. 10C); and
FIG. 12 shows the sealing force relaxation test re-
sults of a carbon composite at 316°C (600°F).

DETAILED DESCRIPTION

[0009] The inventors hereof have found that carbon
composites formed from graphite and micro- or nano-
sized binders at high temperatures have improved bal-
anced properties as compared to graphite alone, a com-
position formed from the same graphite but different bind-
ers, or a mixture of the same graphite and the same bind-
er blended at room temperature under atmospheric pres-
sure or high pressures. The new carbon composites have
excellent elasticity. In addition, the carbon composites
have excellent mechanical strength, heat resistance, and
chemical resistance at high temperatures. In a further
advantageous feature, the composites keep various su-
perior properties of the graphite such as heat conductiv-
ity, electrical conductivity, lubricity, and the like.
[0010] Without wishing to be bound by theory, it is be-
lieved that the improvement in mechanical strength is
provided by a binding phase disposed among carbon
microstructures. There are either no forces or only weak
Van der Waals forces exist between the carbon micro-
structures, thus the graphite bulk materials have weak
mechanical strength. At high temperatures, the micro- or
nano-sized binder liquefies and/or softens so that it is
dispersed evenly among carbon microstructures. Upon
cooling, the binder solidifies and forms a binding phase
binding the carbon nanostructures together through me-
chanical interlocking.
[0011] Further without wishing to be bound by theory,
for the composites having both improved mechanical
strength and improved elasticity, it is believed that the
carbon microstructures themselves are laminar struc-
tures having spaces between the stacked layers. The
binder only selectively locks the microstructures at their
boundaries without penetrating the microstructures.
Thus the unbounded layers within the microstructures
provide elasticity and the binding phase disposed among
the carbon microstructures provides mechanical
strength.
[0012] The carbon microstructures are microscopic
structures of expanded graphite formed after compress-
ing graphite into highly condensed state. They comprise
graphite basal planes stacked together along the com-

pression direction. As used herein, carbon basal planes
refer to substantially flat, parallel sheets or layers of car-
bon atoms, where each sheet or layer has a single atom
thickness. The graphite basal planes are also referred to
as carbon layers. The carbon microstructures are gen-
erally flat and thin. They can have different shapes and
can also be referred to as micro-flakes, micro-discs and
the like. In an embodiment, the carbon microstructures
are substantially parallel to each other.
[0013] There are two types of voids in the carbon com-
posites - voids or interstitial spaces among carbon micro-
structures and voids within each individual carbon micro-
structures. The interstitial spaces among the carbon
microstructures have a size of about 0.1 to about 100
microns, specifically about 1 to about 20 microns where-
as the voids within the carbon microstructures are much
smaller and are generally between about 20 nanometers
to about 1 micron, specifically about 200 nanometers to
about 1 micron. The shape of the voids or interstitial spac-
es is not particularly limited. As used herein, the size of
the voids or interstitial spaces refers to the largest dimen-
sion of the voids or interstitial spaces and can be deter-
mined by high resolution electron or atomic force micro-
scope technology.
[0014] The interstitial spaces among the carbon micro-
structures are filled with a micro- or nano-sized binder.
For example, a binder can occupy about 10 % to about
90 % of the interstitial spaces among the carbon micro-
structures. However, the binder does not penetrate the
individual carbon microstructures and the voids within
the carbon microstructures are unfilled, i.e., not filled with
any binder. Thus the carbon layers within the carbon
microstructures are not locked together by a binder.
Through this mechanism, the flexibility of the carbon
composites, particularly, carbon composites containing
expanded graphite microstructures can be preserved.
[0015] The carbon microstructures have a thickness
of 1 to 200 microns, such as 1 to about 150 microns, 1
to about 100 microns, 1 to about 50 microns, or about 10
to about 20 microns. The diameter or largest dimension
of the carbon microstructures is about 5 to about 500
microns or about 10 to about 500 microns. The aspect
ratio of the carbon microstructures is from 10 to 500, such
as about 20 to about 400, or about 25 to about 350. In
an embodiment, the distance between the carbon layers
in the carbon microstructures is about 0.3 nanometers
to about 1 micron. The carbon microstructures can have
a density of about 0.5 to about 3 g/cm3, or about 0.1 to
about 2 g/cm3.
[0016] As used herein, graphite includes expanded
graphite. Expandable graphite refers to graphite having
intercallant materials inserted between layers of natural
graphite or synthetic graphite. A wide variety of chemicals
have been used to intercalate graphite materials. These
include acids, oxidants, halides, or the like. Exemplary
intercallant materials include sulfuric acid, nitric acid,
chromic acid, boric acid, SO3, or halides such as FeCl3,
ZnCl2, and SbCl5. Upon heating, the intercallant is con-
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verted from a liquid or solid state to a gas phase. Gas
formation generates pressure which pushes adjacent
carbon layers apart resulting in expanded graphite. The
expanded graphite particles are vermiform in appear-
ance, and are therefore commonly referred to as worms.
[0017] The carbon composites comprise expanded
graphite microstructures. Compared with other forms of
the graphite, expanded graphite has high flexibility, high
compression recovery, and larger anisotropy. The com-
posites formed from expanded graphite and a micro- or
nano-sized binder under high pressure and high temper-
ature conditions can thus have excellent elasticity in ad-
dition to desirable mechanical strength.
[0018] In the carbon composites, the carbon micro-
structures are held together by a binding phase. The bind-
ing phase comprises a binder which binds carbon micro-
structures by mechanical interlocking. Optionally, an in-
terface layer is formed between the binder and the carbon
microstructures. The interface layer can comprise chem-
ical bonds, solid solutions, or a combination thereof.
When present, the chemical bonds, solid solutions, or a
combination thereof may strengthen the interlocking of
the carbon microstructures. It is appreciated that the car-
bon microstructures may be held together by both me-
chanical interlocking and chemical bonding. For example
the chemical bonding, solid solution, or a combination
thereof may be formed between some carbon microstruc-
tures and the binder or for a particular carbon microstruc-
ture only between a portion of the carbon on the surface
of the carbon microstructure and the binder. For the car-
bon microstructures or portions of the carbon microstruc-
tures that do not form a chemical bond, solid solution, or
a combination thereof, the carbon microstructures can
be bounded by mechanical interlocking. The thickness
of the binding phase is about 0.1 to about 100 microns
or about 1 to about 20 microns. The binding phase can
form a continuous or discontinuous network that binds
carbon microstructures together.
[0019] Exemplary binders include a nonmetal, a metal,
an alloy, or a combination comprising at least one of the
foregoing. The nonmetal is one or more of the following:
SiO2; Si; B; or B2O3. The metal is at least one of alumi-
num; copper; titanium; nickel; tungsten; chromium; iron;
manganese; zirconium; hafnium; vanadium; niobium;
molybdenum; tin; bismuth; antimony; lead; cadmium; or
selenium. The alloy includes one or more of the following:
aluminum alloys; copper alloys; titanium alloys; nickel
alloys; tungsten alloys; chromium alloys; iron alloys;
manganese alloys; zirconium alloys; hafnium alloys; va-
nadium alloys; niobium alloys; molybdenum alloys; tin
alloys; bismuth alloys; antimony alloys; lead alloys; cad-
mium alloys; or selenium alloys. In an embodiment, the
binder comprises one or more of the following: copper;
nickel; chromium; iron; titanium; an alloy of copper; an
alloy of nickel; an alloy of chromium; an alloy of iron; or
an alloy of titanium. Exemplary alloys include steel, nick-
el-chromium based alloys such as Inconel∗, and nickel-
copper based alloys such as Monel alloys. Nickel-chro-

mium based alloys can contain about 40-75% of Ni and
about 10-35% of Cr. The nickel-chromium based alloys
can also contain about 1 to about 15% of iron. Small
amounts of Mo, Nb, Co, Mn, Cu, Al, Ti, Si, C, S, P, B, or
a combination comprising at least one of the foregoing
can also be included in the nickel-chromium based alloys.
Nickel-copper based alloys are primarily composed of
nickel (up to about 67%) and copper. The nickel-copper
based alloys can also contain small amounts of iron, man-
ganese, carbon, and silicon. These materials can be in
different shapes, such as particles, fibers, and wires.
Combinations of the materials can be used.
[0020] The binder used to make the carbon composite
is micro- or nano-sized. In an embodiment, the binder
has an average particle size of about 0.05 to about 10
microns, specifically, about 0.5 to about 5 microns, more
specifically about 0.1 to about 3 microns. Without wishing
to be bound by theory, it is believed that when the binder
has a size within these ranges, it disperses uniformly
among the carbon microstructures.
[0021] When an interface layer is present, the binding
phase comprises a binder layer comprising a binder and
an interface layer bonding one of the at least two carbon
microstructures to the binder layer. In an embodiment,
the binding phase comprises a binder layer, a first inter-
face layer bonding one of the carbon microstructures to
the binder layer, and a second interface layer bonding
the other of the at least two microstructures to the binder
layer. The first interface layer and the second interface
layer can have the same or different compositions.
[0022] The interface layer comprises one or more of
the following: a C-metal bond; a C-B bond; a C-Si bond;
a C-O-Si bond; a C-O-metal bond; or a metal carbon
solution. The bonds are formed from the carbon on the
surface of the carbon microstructures and the binder.
[0023] In an embodiment, the interface layer compris-
es carbides of the binder. The carbides include one or
more of the following: carbides of aluminum; carbides of
titanium; carbides of nickel; carbides of tungsten; car-
bides of chromium; carbides of iron; carbides of manga-
nese; carbides of zirconium; carbides of hafnium; car-
bides of vanadium; carbides of niobium; or carbides of
molybdenum. These carbides are formed by reacting the
corresponding metal or metal alloy binder with the carbon
atoms of the carbon microstructures. The binding phase
can also comprise SiC formed by reacting SiO2 or Si with
the carbon of carbon microstructures, or B4C formed by
reacting B or B2O3 with the carbon of the carbon micro-
structures. When a combination of binder materials is
used, the interface layer can comprise a combination of
these carbides. The carbides can be salt-like carbides
such as aluminum carbide, covalent carbides such as
SiC and B4C, interstitial carbides such as carbides of the
group 4, 5, and 6 transition metals, or intermediate tran-
sition metal carbides, for example the carbides of Cr, Mn,
Fe, Co, and Ni.
[0024] In another embodiment, the interface layer
comprises a solid solution of carbon such as graphite
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and a binder. Carbon has solubility in certain metal matrix
or at certain temperature ranges, which can facilitate both
wetting and binding of a metal phase onto the carbon
microstructures. Through heat-treatment, high solubility
of carbon in metal can be maintained at low tempera-
tures. These metals include one or more of Co; Fe; La;
Mn; Ni; or Cu. The binder layer can also comprise a com-
bination of solid solutions and carbides.
[0025] The carbon composites comprise about 20 to
about 95 wt. %, about 20 to about 80 wt. %, or about 50
to about 80 wt. % of carbon, based on the total weight of
the composites. The binder is present in an amount of
about 5 wt. % to about 75 wt. % or about 20 wt. % to
about 50 wt. %, based on the total weight of the compos-
ites. In the carbon composites, the weight ratio of carbon
relative to the binder is about 1:4 to about 20:1, or about
1:4 to about 4:1, or about 1:1 to about 4:1.
[0026] FIG. 1 is a SEM image of a composition con-
taining expanded graphite and a micro- or nano-sized
binder blended at room temperature and atmospheric
pressure. As shown in FIG. 1, the binder (white area) is
only deposited on the surface of some of the expanded
graphite worms.
[0027] FIG. 2 is a SEM image of a carbon composite
formed from expanded graphite and a micro- or nano-
sized binder under high pressure and high temperature
conditions. As shown in FIG. 2, a binding phase (light
area) is evenly distributed among the expanded graphite
microstructures (dark area).
[0028] A SEM image of carbon graphite microstruc-
tures is shown in FIG. 3. An embodiment of a carbon
composite is illustrated in FIG 4. As shown in FIG. 4, the
composite comprises carbon microstructures 1 and bind-
ing phase 2 locking the carbon microstructures. The bind-
ing phase 2 comprises binder layer 3 and an optional
interface layer 4 disposed between the binder layer 3 and
the carbon microstructures 1. The carbon composite con-
tains interstitial space 5 among carbon microstructures
1. Within carbon microstructures, there are unfilled voids
6.
[0029] The carbon composites can optionally comprise
a filler. Exemplary filler includes one or more of the fol-
lowing: carbon fibers; carbon black; mica; clay; glass fib-
ers; ceramic fibers; or ceramic hollow structures. Ceram-
ic materials include SiC, Si3N4, SiO2, BN, and the like.
The filler can be present in an amount of about 0.5 to
about 10 wt. % or about 1 to about 8%.
[0030] The composites can have any desired shape
including a bar, block, sheet, tubular, cylindrical billet,
toroid, powder, pellets, or other form that may be ma-
chined, formed or otherwise used to form useful articles
of manufacture. The sizes or the dimensions of these
forms are not particularly limited. Illustratively, the sheet
has a thickness of about 10 mm to about 10 cm and a
width of about 10 mm to about 2 m. The powder com-
prises particles having an average size of about 10 mm
to about 1 cm. The pellets comprise particles having an
average size of about 1 cm to about 5 cm.

[0031] One way to form the carbon composites is to
compress a combination comprising carbon and a micro-
or nano-sized binder to provide a green compact by cold
pressing; and to compressing and heating the green
compact thereby forming the carbon composites. In an-
other embodiment, the combination can be pressed at
room temperature to form a compact, and then the com-
pact is heated at atmospheric pressure to form the carbon
composite. These processes can be referred to as two-
step processes. Alternatively, a combination comprising
carbon and a micro- or nano-sized binder can be com-
pressed and heated directly to form the carbon compos-
ites. The process can be referred to as a one-step proc-
ess.
[0032] In the combination, the carbon such as graphite
is present in an amount of about 20 wt.% to about 95
wt.%, about 20 wt.% to about 80 wt.%, or about 50 wt.%
to about 80 wt.%, based on the total weight of the com-
bination. The binder is present in an amount of about 5
wt. % to about 75 wt. % or about 20 wt. % to about 50
wt. %, based on the total weight of the combination. The
graphite in the combination can be in the form of a chip,
powder, platelet, flake, or the like. In an embodiment, the
graphite is in the form of flakes having a diameter of about
50 microns to about 5,000 microns, preferably about 100
to about 300 microns. The graphite flakes can have a
thickness of about 1 to about 5 microns. The density of
the combination is about 0.01 to about 0.05 g/cm3, about
0.01 to about 0.04 g/cm3, about 0.01 to about 0.03 g/cm3

or about 0.026 g/cm3. The combination can be formed
by blending the graphite and the micro- or nano-sized
binder via any suitable methods known in the art. Exam-
ples of suitable methods include ball mixing, acoustic
mixing, ribbon blending, vertical screw mixing, and V-
blending.
[0033] Referring to the two-step process, cold pressing
means that the combination comprising the graphite and
the micro-sized or nano-sized binder is compressed at
room temperature or at an elevated temperature as long
as the binder does not significantly bond with the graphite
microstructures. In an embodiment, greater than about
80 wt.%, greater than about 85 wt.%, greater than about
90 wt.%, greater than about 95 wt.%, or greater than
about 99 wt.% of the microstructures are not bonded in
the green compact. The pressure to form the green com-
pact can be about 500 psi (3.4 MPa) to about 10 ksi (69
MPa) and the temperature can be about 20°C to about
200°C. The reduction ratio at this stage, i.e., the volume
of the green compact relative to the volume of the com-
bination, is about 40% to about 80%. The density of the
green compact is about 0.1 to about 5 g/cm3, about 0.5
to about 3 g/cm3, or about 0.5 to about 2 g/cm3.
[0034] The green compact can be heated at a temper-
ature of about 350°C to about 1200°C, specifically about
800°C to about 1200°C to form the carbon composites.
In an embodiment, the temperature is about 620°C to
about 6100°C of the melting point of the binder, or about
620°C to about 650°C of the melting point of the binder.
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In another embodiment, the temperature is above the
melting point of the binder, for example, about 20°C to
about 100°C higher or about 20°C to about 50°C higher
than the melting point of the binder. When the tempera-
ture is higher, the binder becomes less viscose and flows
better, and less pressure may be required in order for
the binder to be evenly distributed in the voids among
the carbon microstructures. However, if the temperature
is too high, it may have detrimental effects to the instru-
ment.
[0035] The temperature can be applied according to a
predetermined temperature schedule or ramp rate. The
means of heating is not particularly limited. Exemplary
heating methods include direct current (DC) heating, in-
duction heating, microwave heating, and spark plasma
sintering (SPS). In an embodiment, the heating is con-
ducted via DC heating. For example, the combination
comprising the graphite and the micro- or nano-sized
binder can be charged with a current, which flows through
the combination generating heat very quickly. Optionally,
the heating can also be conducted under an inert atmos-
phere, for example, under argon or nitrogen. In an em-
bodiment, the green compact is heated in the presence
of air.
[0036] The heating can be conducted at a pressure of
about 500 psi (3.4 MPa) to about 30,000 psi (210 MPa)
or about 1000 psi (6.9 MPa) to about 5000 psi (34 MPa).
The pressure can be a superatmospheric pressure or a
subatmospheric pressure. Without wishing to be bound
by theory, it is believed that when a superatmospheric
pressure is applied to the combination, the micro- or na-
no-sized binder is forced into the voids among carbon
microstructures through infiltration. When a subatmos-
pheric pressure is applied to the combination, the micro-
or nano-sized binder can also be forced into the voids
among the carbon microstructures by capillary forces.
[0037] In an embodiment, the desirable pressure to
form the carbon composites is not applied all at once.
After the green compact is loaded, a low pressure is in-
itially applied to the composition at room temperature or
at a low temperature to close the large pores in the com-
position. Otherwise, the melted binder may flow to the
surface of the die. Once the temperature reaches the
predetermined maximum temperature, the desirable
pressure required to make the carbon composites can
be applied. The temperature and the pressure can be
held at the predetermined maximum temperature and
the predetermined maximum pressure for about 5 min-
utes to about 120 minutes. In an embodiment, the pre-
determined maximum temperature is about 620°C to
about 6100°C of the melting point of the binder, or about
620°C to about 650°C of the melting point of the binder.
[0038] The reduction ratio at this stage, i.e. the volume
of the carbon composite relative to the volume of the
green compact, is about 10% to about 70% or about 20
to about 40%. The density of the carbon composite can
be varied by controlling the degree of compression. The
carbon composites have a density of about 0.5 to about

10 g/cm3, about 1 to about 8 g/cm3, about 1 to about 6
g/cm3, about 2 to about 5 g/cm3, about 3 to about 5 g/cm3,
or about 2 to about 4 g/cm3.
[0039] Alternatively, also referring to a two-step proc-
ess, the combination can be first pressed at room tem-
perature and a pressure of about 500 psi (3.4 MPa) to
30,000 psi (210 MPa) to form a compact; the compact
can be further heated at a temperature of about 350°C
to about 1200°C, specifically about 800°C to about
1200°C to make the carbon composite. In an embodi-
ment, the temperature is about 620°C to about 6100°C
of the melting point of the binder, or about 620°C to about
650°C of the melting point of the binder. In another em-
bodiment, the temperature can be about 20°C to about
100°C higher or about 20°C to about 50°C higher than
the melting point of the binder. The heating can be con-
ducted at atmospheric pressure in the presence or ab-
sence of an inert atmosphere.
[0040] In another embodiment, the carbon composite
can be made from the combination of the graphite and
the binder directly without making the green compact.
The pressing and the heating can be carried out simul-
taneously. Suitable pressures and temperatures can be
the same as discussed herein for the second step of the
two-step process.
[0041] Hot pressing is a process that applies temper-
ature and pressure simultaneously. It can be used in both
the one-step and the two-step processes to make carbon
composites.
[0042] The carbon composites can be made in a mold
through a one-step or a two-step process. The obtained
carbon composites can be further machined or shaped
to form a bar, block, tubular, cylindrical billet, or toroid.
Machining includes cutting, sawing, ablating, milling, fac-
ing, lathing, boring, and the like using, for example, a
miller, saw, lathe, router, electric discharge machine, and
the like. Alternatively, the carbon composite can be di-
rectly molded to the useful shape by choosing the molds
having the desired shape.
[0043] Sheet materials such as web, paper, strip, tape,
foil, mat or the like can also be made via hot rolling. In
an embodiment, the carbon composite sheets made by
hot rolling can be further heated to allow the binder to
effectively bond the carbon microstructures together.
[0044] Carbon composite pellets can be made by ex-
trusion. For example, a combination of the graphite and
the micro- or nano-sized binder can be first loaded in a
container. Then combination is pushed into an extruder
through a piston. The extrusion temperature can be about
350°C to about 1200°C or about 800°C to about 1200°C.
In an embodiment, the temperature is about 620°C to
about 6100°C of the melting point of the binder, or 620°C
to about 650°C of the melting point of the binder. In an-
other embodiment, the extrusion temperature is higher
than the melting point of the binder, for example, about
20 to about 50°C higher than the melting point of the
binder. In an embodiment, wires are obtained from the
extrusion, which can be cut to form pellets. In another
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embodiment, pellets are directly obtained from the ex-
truder. Optionally, a post treatment process can be ap-
plied to the pellets. For example, the pellets can be heat-
ed in a furnace above the melting temperature of the
binder so that the binder can bond the carbon microstruc-
tures together if the carbon microstructures have not
been bonded or not adequately bonded during the extru-
sion.
[0045] Carbon composite powder can be made by mill-
ing carbon composites, for example a solid piece,
through shearing forces (cutting forces). It is noted that
the carbon composites should not be smashed. Other-
wise, the voids within the carbon microstructures may be
destroyed thus the carbon composites lose elasticity.
[0046] The carbon composites have a number of ad-
vantageous properties and can be used in a wide variety
of applications. In an especially advantageous feature,
by forming carbon composites, both the mechanical
strength and the elastomeric properties of the carbon
such as graphite are improved.
[0047] To illustrate the improvement of elastic energy
achieved by the carbon composites, the stress-strain
curves for the following samples are shown in FIG. 5: (A)
natural graphite, (B) expanded graphite, (C) a mixture of
expanded graphite and a micro- or nano-sized binder
formed at room temperature and atmospheric pressure,
(D) a mixture of expanded graphite and a micro- or nano-
sized binder formed at a high temperature and a low pres-
sure ("soft carbon composite"); and (E) a carbon com-
posite formed from expanded graphite and a micro- or
nano-sized binder under high pressure and high temper-
ature conditions ("hard carbon composite"). For the nat-
ural graphite, the sample was made by compressing nat-
ural graphite in a steel die at a high pressure. The ex-
panded graphite sample (B) was also made in a similar
manner.
[0048] As shown in Fig. 5, the natural graphite (A) has
a very low elastic energy (area under the stress-strain
curve) and is very brittle. The elastic energy of expanded
graphite (B) and the elastic energy of the mixture of ex-
panded graphite and a micro- or nano-sized binder com-
pacted at room temperature and high pressure (C) is
higher than that of the natural graphite (A). Conversely,
both the hard and soft carbon composites (E and D) of
the disclosure exhibit significantly improved elasticity
shown by the notable increase of the elastic energy as
compared to the natural graphite alone (A), the expanded
graphite alone (B), and the mixture of expanded graphite
and binder compacted at room temperature and high
pressure (C). In an embodiment, the carbon composites
of the disclosure have an elastic elongation of greater
than about 4%, greater than about 6%, or between about
4% and about 40%.
[0049] The elasticity of the carbon composites is fur-
ther illustrated in Figs 6 and 7. FIG. 6 shows loop test
results of a carbon composite at different loadings. FIG.
7 shows hysteresis results of a carbon composite tested
at room temperature and 260 °C (500°F) respectively.

As shown in FIG. 7, the elasticity of the carbon composite
is maintained at 260 °C (500°F).
[0050] In addition to improved mechanical strength
and elasticity, the carbon composites can also have ex-
cellent thermal stability at high temperatures. FIG. 8 com-
pares a carbon composite before and after exposing to
air at 500°C for 5 days. FIG. 9 (A) is a photo of a carbon
composite sample after a thermo shock for 8 hours. The
condition for the thermal shock is shown in FIG. 9(B). As
shown in Figs 8 and 9(A), there are no changes to the
carbon composite sample after exposing to air at 500°C
for 5 days or after the thermal shock. The carbon com-
posites can have high thermal resistance with a range of
operation temperatures from about -53.9 °C (-65°F) up
to about 648.9 °C (1200°F), specifically up to about 593.3
°C (1100°F), and more specifically about 537.8 °C
(1000°F).
[0051] The carbon composites can also have excellent
chemical resistance at elevated temperatures. In an em-
bodiment, the composites are chemically resistant to wa-
ter, oil, brines, and acids with resistance rating from good
to excellent. In an embodiment, the carbon composites
can be used continuously at high temperatures and high
pressures, for example, about 20 °C (68°F) to about
648.9 °C (1200°F), or about 20 °C (68°F) to about 537.8
°C (1000°F), or about 20 °C (68°F) to about 398.9 °C
(750°F) under wet conditions, including basic and acidic
conditions. Thus, the carbon composites resist swelling
and degradation of properties when exposed to chemical
agents (e.g., water, brine, hydrocarbons, acids such as
HCl, solvents such as toluene, etc.), even at elevated
temperatures of up to 93.3 °C (200°F), and at elevated
pressures (greater than atmospheric pressure) for pro-
longed periods. The chemical resistance of the carbon
composites is illustrated in Figs 10A-10C and 11A-11C.
FIGS. 10A-10C compares a carbon composite sample
before and after exposing to tap water for 20 hours at
93.3 °C (200°F), or after exposing to tap water for 3 days
at 93.3 °C (200°F). As shown in FIG. 10, there are no
changes to the sample. FIGS. 11A-11C compares a car-
bon composite sample before and after exposing to 15%
HCl solution with inhibitor at 93.3 °C (200°F) for 20 hours,
or after exposing to 15% HCl solution at 93.3 °C (200°F)
for 3 days. Again, there are no changes to the carbon
composite sample.
[0052] The carbon composites are medium hard to ex-
tra hard with harness from about 50 in SHORE A up to
about 75 in SHORE D scale.
[0053] As a further advantageous feature, the carbon
composites have a stable sealing force at high temper-
atures. The stress decay of components under constant
compressive strain is known as compression stress re-
laxation. A compression stress relaxation test also known
as sealing force relaxation test measures the sealing
force exerted by a seal or O-ring under compression be-
tween two plates. It provides definitive information for the
prediction of the service life of materials by measuring
the sealing force decay of a sample as a function of time,
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temperature and environment. FIG. 12 shows the sealing
force relaxation test results of a carbon composite sam-
ple at 315.6 °C (600°F). As shown in FIG. 12, the sealing
force of the carbon composite is stable at high tempera-
tures. In an embodiment, the sealing force of a sample
of the composite at 15% strain and 315.6 °C (600°F) is
maintained at about 5800 psi (40 MPa) without relaxation
for at least 20 minutes.
[0054] The carbon composites are useful for preparing
articles for a wide variety of applications including but are
not limited to electronics, atomic energy, hot metal
processing, coatings, aerospace, automotive, oil and
gas, and marine applications. The carbon composites
may be used to form all or a portion of an article. Accord-
ingly, articles comprising the carbon composites are pro-
vided. The articles include a sealing element, a heat re-
lease or exchange element, or a friction reducing ele-
ment.
[0055] Illustrative sealing elements include, for exam-
ple, seals such as static seals or dynamic seals; seal
seats; packoffs seals such as retrievable cementing
packoff, polished bore receptacle packoff, wireline pack-
off; packers; joint sheets; gaskets; bridge plugs; packing,
such as pump packing, valve packing, or the like. There
can be overlap among different types of sealing ele-
ments. Static seals refer to seals between two stable and
immovable components and include C-rings, E-rings, O-
rings, U-rings, T-rings, L-rings, rectangular rings, square
rings, x-sectioned rings, and the like. Dynamic seals are
not particularly limited and include any seals between a
pair of relatively movable members. A gasket is a me-
chanical seal which fills the space between two or more
mating surfaces. Exemplary gaskets include high per-
formance gaskets subject to pressure and heat, for ex-
ample, head gaskets and exhaust gaskets for automo-
biles and flange gaskets for refineries. The sealing ele-
ments have excellent elastic properties. Thus they can
fill in the gaps and imperfections in the surfaces to be
sealed providing fluid-tight or airtight seals. The sealing
elements can further have high heat resistance and du-
rability and can be used in a wide temperature ranges.
[0056] The carbon composites of the disclosure have
high thermal conductivity and anisotropy and can be used
to manufacture heat release or exchange elements. Heat
release elements are typically used for rapidly releasing
heat generated from electronic devices or components
such as computer, CPU, and power transistor. Heat ex-
change elements transfer heat from one medium to an-
other and are used in space heating, refrigeration, air
conditioning power plants, chemical plants, petrochem-
ical plants, petroleum refineries, natural gas processing,
sewage treatment, and the like. Illustrative heat release
or exchange elements include heat sinks, cooling sys-
tems, heating radiating components, and heat exchang-
ers. In an embodiment the heat release element is a heat
sink for laptop computers which keeps them cool while
saving weight.
[0057] The carbon composites of the disclosure have

high strength, high hardness, and superior self-lubricat-
ing properties. Thus articles comprising the carbon com-
posites can be a friction reducing element such as bear-
ings, bearing seats, coatings, and the like.
[0058] The articles can be a downhole element. Illus-
trative articles include seals, high pressure beaded frac
screen plugs, screen base pipe plugs, coatings for balls
and seats, compression packing elements, expandable
packing elements, O-rings, bonded seals, bullet seals,
sub-surface safety valve seals, sub-surface safety valve
flapper seal, dynamic seals, V-rings, back-up rings, drill
bit seals, liner port plugs, atmospheric discs, atmospheric
chamber discs, debris barriers, drill in stim liner plugs,
inflow control device plugs, flappers, seats, ball seats,
direct connect disks, drill-in linear disks, gas lift valve
plug, fluid loss control flappers, electric submersible
pump seals, shear out plugs, flapper valves, gaslift
valves, and sleeves.
[0059] The carbon composites have a high thermal re-
sistance with a range of operation temperatures from
about -53.9 °C (-65°F) up to about 648.9 °C (1200°F).
Accordingly, the downhole articles such as packers can
be used to produce hydrocarbons from a subterranean
location having an ambient temperature of greater than
398.9 °C (750°F) or greater than 537.8 °C (1000°F). In
an embodiment, the articles of the disclosure are contin-
uously resistive to one or more of thermal cracking, ther-
mal degradation or thermal decomposition, at an ambient
temperature of greater than 398.9 °C (750°F) for more
than 30 days. As used herein, "continuously resistive"
means that less than about 10 wt%, less than about 5
wt.%, less than about 2 wt.%, or less than about 1 wt.%
of the carbon composite or the article containing the car-
bon composite is thermally cracked, thermally degraded,
and/or thermally decomposed.
[0060] The downhole articles can also be used to iso-
late or complete a wellbore. The method comprises de-
ploying an apparatus comprising one or more of the
downhole articles in a wellbore. For example, the article
can be of a type suited for filling an annulus within a bore-
hole in a location surrounding one or more production
tubulars. As used herein, the term "production tubulars"
is defined to include, for example, any kind of tubular that
is used in completing a well, such as, but not limited to,
production tubing, production casing, intermediate cas-
ings, and devices through which hydrocarbons flow to
the surface. Examples of such article include, in non-
limiting embodiments, annular isolators used to block off
non-targeted production or water zones, and the like.
[0061] The articles can be made directly from a com-
position containing carbon such as graphite and a binder
through a one-step or a two-step process under the same
conditions as described herein for carbon composites by
choosing a mold having the desired shape. Alternatively,
the articles are formed from carbon composites by shap-
ing or machining or a combination thereof. Shaping in-
cludes molding, extruding, casting, and laminating. Ma-
chining includes cutting, sawing, ablating, milling, facing,
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lathing, boring, and the like using, for example, a miller,
saw, lathe, router, electric discharge machine, and the
like. The forms of the carbon composites used to make
the articles are not particularly limited and include for
example powders, pellets, sheets, bars, blocks, tubulars,
cylindrical billets, toroids, and the alike.
[0062] All ranges disclosed herein are inclusive of the
endpoints, and the endpoints are independently combin-
able with each other. The suffix "(s)" as used herein is
intended to include both the singular and the plural of the
term that it modifies, thereby including at least one of that
term (e.g., the colorant(s) includes at least one color-
ants). "Or" means "and/or." "Optional" or "optionally"
means that the subsequently described event or circum-
stance can or cannot occur, and that the description in-
cludes instances where the event occurs and instances
where it does not. As used herein, "combination" is in-
clusive of blends, mixtures, alloys, reaction products, and
the like. "A combination thereof’ means "a combination
comprising one or more of the listed items and optionally
a like item not listed."
[0063] The use of the terms "a" and "an" and "the" and
similar referents in the context of describing the invention
(especially in the context of the following claims) are to
be construed to cover both the singular and the plural,
unless otherwise indicated herein or clearly contradicted
by context. Further, it should further be noted that the
terms "first," "second," and the like herein do not denote
any order, quantity, or importance, but rather are used
to distinguish one element from another. The modifier
"about" used in connection with a quantity is inclusive of
the stated value and has the meaning dictated by the
context (e.g., it includes the degree of error associated
with measurement of the particular quantity).

Claims

1. A method of producing hydrocarbons from a subter-
ranean location having an ambient temperature of
greater than 399°C (750°F) using one or more arti-
cles comprising a carbon composite, the carbon
composite comprising

at least two carbon microstructures (1); and
a binding phase (2) disposed between the at
least two carbon microstructures (1),
wherein the binding phase (2) comprises a bind-
er comprising one or more of the following: SiO2;
Si; B; B2O3; a metal; or an alloy of the metal,
and wherein the metal is one or more of the fol-
lowing: aluminum; copper; titanium; nickel; tung-
sten; chromium; iron; manganese; zirconium;
hafnium; vanadium; niobium; molybdenum; tin;
bismuth; antimony; lead; cadmium; or selenium;
wherein the carbon microstructures (1) com-
prise expanded graphite microstructures having
a thickness of 1 to 200 microns and an aspect

ratio of 10 to 500.

2. A method of isolating or completing a wellbore com-
prising deploying an apparatus comprising one or
more articles in a wellbore, the articles comprising a
carbon composite comprising:

at least two carbon microstructures (1); and
a binding phase (2) disposed between the at
least two carbon microstructures (1),
wherein the binding phase (2) comprises a bind-
er comprising one or more of the following: SiO2;
Si; B; B2O3; a metal; or an alloy of the metal,
and wherein the metal is one or more of the fol-
lowing: aluminum; copper; titanium; nickel; tung-
sten; chromium; iron; manganese; zirconium;
hafnium; vanadium; niobium; molybdenum; tin;
bismuth; antimony; lead; cadmium; or selenium;
wherein the carbon microstructures (1) com-
prise expanded graphite microstructures having
a thickness of 1 to 200 microns and an aspect
ratio of 10 to 500.

3. The method of claim 1 or 2, wherein the binding
phase (2) comprises a binder layer (3) and an inter-
face layer (4) bonding one of the at least two carbon
microstructures (1) to the binder layer (3), wherein
the interface layer (4) comprises at least one of the
following:
a C-metal bond; a C-B bond; a C-Si bond; a C-O-Si
bond; a C-O-metal bond; or a metal carbon solution.

4. The method of any one of claims 1 to 3, wherein the
article is a downhole element comprising a seal, a
high pressure beaded frac screen plug; a screen
base pipe plug; a coating for balls and seats; a com-
pression packing element; an expandable packing
element; an O-ring; a bonded seal; a bullet seal; a
sub-surface safety valve seal; a sub-surface safety
valve flapper seal; a dynamic seal; a V-ring; a back-
up ring; a drill bit seal; a liner port plug; an atmos-
pheric disc; an atmospheric chamber disc; a debris
barrier; a drill in stim liner plug; an inflow control de-
vice plug; a flapper; a seat; a ball seat; a direct con-
nect disk; a drill-in linear disk; a gas lift valve plug; a
fluid loss control flapper; an electric submersible
pump seal; a shear out plug; a flapper valve; a gaslift
valve; or a sleeve.

Patentansprüche

1. Verfahren zum Herstellen von Kohlenwasserstoffen
aus einem unterirdischen Standort mit einer Umge-
bungstemperatur von mehr als 399 °C (750 °F) unter
Verwendung eines oder mehrerer Gegenstände, die
einen Kohlenstoffverbundwerkstoff umfassen, wo-
bei der Kohlenstoffverbundwerkstoff
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mindestens zwei Kohlenstoffmikrostrukturen (1)
umfasst; und
eine Bindephase (2), die zwischen den mindes-
tens zwei Kohlenstoffmikrostrukturen (1) ange-
ordnet ist,
wobei die Bindephase (2) ein Bindemittel um-
fasst, das eines oder mehrere der Folgenden
umfasst: SiO2; Si; B; B2O3; ein Metall; oder eine
Legierung des Metalls, wobei das Metall eines
oder mehrere von Folgenden ist: Aluminium;
Kupfer; Titan; Nickel; Wolfram; Chrom; Eisen;
Mangan; Zirkon; Hafnium; Vanadium; Niob; Mo-
lybdän; Zinn; Wismut; Antimon; Blei; Kadmium;
oder Selen;
wobei die Kohlenstoffmikrostrukturen (1) ex-
pandierte Graphitmikrostrukturen umfassen,
die eine Dicke von 1 bis 200 Mikron und ein As-
pektverhältnis von 10 bis 500 aufweisen.

2. Verfahren zum Isolieren oder Fertigstellen eines
Bohrlochs, umfassend das Einsetzen einer Vorrich-
tung, die einen oder mehrere Gegenstände umfasst,
in ein Bohrloch, wobei die Gegenstände einen Koh-
lenstoffverbundwerkstoff umfassen, umfassend:

mindestens zwei Kohlenstoffmikrostrukturen (1)
umfasst; und
eine Bindephase (2), die zwischen den mindes-
tens zwei Kohlenstoffmikrostrukturen (1) ange-
ordnet ist,
wobei die Bindephase (2) ein Bindemittel um-
fasst, das eines oder mehrere der Folgenden
umfasst: SiO2; Si; B; B2O3; ein Metall; oder eine
Legierung des Metalls, wobei das Metall eines
oder mehrere von Folgenden ist: Aluminium;
Kupfer; Titan; Nickel; Wolfram; Chrom; Eisen;
Mangan; Zirkon; Hafnium; Vanadium; Niob; Mo-
lybdän; Zinn; Wismut; Antimon; Blei; Kadmium;
oder Selen;
wobei die Kohlenstoffmikrostrukturen (1) ex-
pandierte Graphitmikrostrukturen umfassen,
die eine Dicke von 1 bis 200 Mikron und ein As-
pektverhältnis von 10 bis 500 aufweisen.

3. Verfahren nach Anspruch 1 oder 2, wobei die Bin-
dephase (2) eine Bindemittelschicht (3) und eine
Grenzflächenschicht (4) umfasst, die eine der min-
destens zwei Kohlenstoffmikrostrukturen (1) an die
Bindemittelschicht (3) bindet, wobei die Grenzflä-
chenschicht (4) mindestens eines der Folgenden
umfasst: eine C-Metallbindung; eine C-B-Bindung;
eine C-Si-Bindung; eine C-O-Si-Bindung; eine C-O-
Metallbindung oder eine Metall-Kohlenstoff-Lösung.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei
der Gegenstand ein Bohrlochelement ist, das um-
fasst: eine Dichtung, einen hochdruckbeaufschlag-
ten gesickten Frac-Siebstopfen; einen Siebbasis-

rohrstopfen; eine Beschichtung für Kugeln und Sitze;
ein Kompressionspackungselement; ein expandier-
bares Packungselement; einen O-Ring; eine gekleb-
te Dichtung; eine Kugeldichtung; eine Untertagesi-
cherheitsventildichtung; eine Untertagesicherheits-
ventil-Klappendichtung; eine dynamische Dichtung;
einen V-Ring; einen Sicherungsring; eine Bohrmei-
ßeldichtung; einen Auskleidungsöffnungsstopfen;
eine atmosphärische Scheibe; eine atmosphärische
Kammerscheibe; eine Trümmerbarriere; einen
Bohr-Stim-Auskleidungsstopfen; einen Einström-
steuervorrichtungsstopfen; eine Klappe; einen Sitz;
einen Kugelsitz; eine Direktverbindungsscheibe; ei-
ne lineare Einbohrscheibe; einen Gasheberventil-
stopfen; eine Flüssigkeitsverluststeuerklappe; eine
Dichtung für eine elektrische Tauchpumpe; einen
Abscherstopfen; ein Klappenventil; ein Gasheber-
ventil; oder eine Hülse.

Revendications

1. Procédé de production d’hydrocarbures provenant
d’une localisation souterraine ayant une températu-
re ambiante supérieure à 399 °C (750 °F) en utilisant
un ou plusieurs articles comprenant un composite
de carbone, le composite de carbone comprenant

au moins deux microstructures de carbone (1) ;
et
une phase de liaison (2) disposée entre les au
moins deux microstructures de carbone (1),
dans lequel la phase de liaison (2) comprend un
liant comprenant un ou plusieurs de ce qui suit :
SiO2 ; Si ; B ; B2O3 ; un métal ; ou un alliage du
métal, et dans lequel le métal est un ou plusieurs
des suivants : aluminium ; cuivre ; titane ;
nickel ; tungstène ; chrome ; fer ; manganèse ;
zirconium ; hafnium ; vanadium ; niobium ;
molybdène ; étain ; bismuth ; antimoine ;
plomb ; cadmium ; ou sélénium ;
dans lequel les microstructures de carbone (1)
comprennent des microstructures de graphite
expansé ayant une épaisseur de 1 à 200 micro-
mètres et un rapport d’aspect de 10 à 500.

2. Procédé d’isolement ou de complétion d’un puits de
forage comprenant le déploiement d’un appareil
comprenant un ou plusieurs articles dans un puits
de forage, les articles comprenant un composite de
carbone comprenant :

au moins deux microstructures de carbone (1) ;
et
une phase de liaison (2) disposée entre les au
moins deux microstructures de carbone (1),
dans lequel la phase de liaison (2) comprend un
liant comprenant un ou plusieurs de ce qui suit :
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SiO2 ; Si ; B ; B2O3 ; un métal ; ou un alliage du
métal, et dans lequel le métal est un ou plusieurs
des suivants : aluminium ; cuivre ; titane ;
nickel ; tungstène ; chrome ; fer ; manganèse ;
zirconium ; hafnium ; vanadium ; niobium ;
molybdène ; étain ; bismuth ; antimoine ;
plomb ; cadmium ; ou sélénium ;
dans lequel les microstructures de carbone (1)
comprennent des microstructures de graphite
expansé ayant une épaisseur de 1 à 200 micro-
mètres et un rapport d’aspect de 10 à 500.

3. Procédé selon la revendication 1 ou 2, dans lequel
la phase de liaison (2) comprend une couche de liant
(3) et une couche d’interface (4) liant une des au
moins deux microstructures de carbone (1) à la cou-
che de liant (3), dans lequel la couche d’interface (4)
comprend au moins un de ce qui suit : une liaison
C-métal ; une liaison C-B ; une liaison C-Si ; une
liaison C-O-Si ; une liaison C-O-métal ; ou une so-
lution de carbone métallique.

4. Procédé selon l’une quelconque des revendications
1 à 3, dans lequel l’article est un élément de fond de
trou comprenant un joint d’étanchéité, un bouchon
d’écran de fracturation à bourrelet à haute pression ;
un bouchon de tuyau de base d’écran ; un revête-
ment pour des billes et des sièges ; un élément de
conditionnement par compression ; un élément de
conditionnement extensible ; un joint torique ; un
joint collé ; un joint à bille ; un joint de soupape de
sûreté sous la surface ; un joint de clapet de soupape
de sûreté sous la surface ; un joint dynamique ; un
anneau en V ; un anneau de retour ; un joint de
trépan ; un bouchon d’orifice de revêtement ; un dis-
que atmosphérique ; un disque de chambre
atmosphérique ; une barrière anti-débris ; un bou-
chon de revêtement de forage en entrée ; un bou-
chon de dispositif de commande d’entrée de flux ;
un clapet ; un logement ; un siège de bille ; un disque
de connexion directe ; un disque linéaire de forage
en entrée ; un bouchon de clapet d’extraction par
injection de gaz ; un clapet de commande de perte
de fluide ; un joint de pompe submersible électrique ;
un bouchon de cisaillement ; une soupape à clapet ;
un clapet d’extraction de gaz ; ou un manchon.

19 20 



EP 3 206 988 B1

13



EP 3 206 988 B1

14



EP 3 206 988 B1

15



EP 3 206 988 B1

16



EP 3 206 988 B1

17



EP 3 206 988 B1

18



EP 3 206 988 B1

19



EP 3 206 988 B1

20



EP 3 206 988 B1

21



EP 3 206 988 B1

22

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 2007142547 A [0003] • EP 2130932 A [0005]

Non-patent literature cited in the description

• PRIETO et al. Scripta Materialia, 2008, vol. 59, 11-14
[0004]


	bibliography
	description
	claims
	drawings
	cited references

